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(54) ^E]H TFT g2LB= 



IMf %\SD\ ±H\ gqoi ^01 £i£|£0| ^3 oh^u dhm^I^S ^S-xl^h flSSP-. tt»3».. 
S|.4fcM?ti|£ §EH°L2 ^3 CHDI2£ EL ±XM .'Mm .^g 3 S01IX1 & h ».Sfi'-M0IS 3 

^2 el ±xm 7.§ tftoh a^ss.a^iaor.-iBMS 21 n era. * cd-hfai-, -.^atr gn^j 

■W ^ 2iCK 

,851 -EL.. 3 EL £Xh °4EIM DHM^v TFT., ^ M^XI^EI 

E la£h £ 1b= #:&»2| 2 ^2. EL 4:^21 ES'^H' UQy! £3. 
•JE 1c LH XI E lefe 2 ^2 EL -fc-Xiei MUX! OOlOjllH. 

£ 2a= 3 ^ EL ±X\2\ BSE. 
£ 2b LHXI £ 2d^ £ 2a2J 3 ^2 EL ±7^21 OilUX] QOICOB. 
£ 2e~ 3 EL ?g &9E. 

£ 2f LHXI £ 2h^ £ 2e2J 3 ^2 B1 OilUXf EKJIDiHIS. 

£ 3a LHAI £ 3<fe B 3 B_ dbXt2J qig BSE. 

£ 4a£j- £ 4b^ ^ B i^HJ EL.&Xl°l &^E 3 &9£ . 

E-5a= B »S2| !.?1E|M« 3 ^g. EL ^x\2\ pW- ^M UEHdj £3. 
£ 5b^ B ^22J °-t{E|M^ 3 EL »± :SS2J 'S Oil. 

£ 5c= B WS°J 0 -^EIH^ 3 a Sxl°1 ihfc 2KHE. 
£'.6S;B «^oj oH £ |t^ 3 =zm a. §M.q gAI .S^ Sg'E. 
£ 7p B 3 TFTsL ^EIMS. 3 f?g EL ±73- 5|SE. 

E~8a LHXI £ 3c^ B ITS2J 4 TFTS ^EJMS 3 ^2 EL t|^£ g XIOI^CKI sN' 

El^ EfOIS 7tm £3. 

£ 9aSF £ 9b~ ^ 2 EL ±7m B ^g2| 3 ^2 EL §^ ?I£°J 

7a. 
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H £71 3 31 ^(organic electroluminescence, 0|^S '°7I EL E^ a.'SA1 SfiiS)! Qjo 

1 4= 2i= S7I I^AHSS ^"(01^^ °7I EL ° v ' v E^ 'EL °^5Ai X|gS)0| 3?H21 3^r 

AKDIOil ?HXHS 3 ^2 EL ^AFt ITI^IOil ^ 30IEK ^^|^^^, 3 ^3 

EL ±XH xHS^ ^EIM OHM^i^ uh£x|| ±XKSJEfl| E***j* ±Xr) £A|§-*I SI #7I SAIgxl 

1 Oieor^ S*I(HI SSJ B ITS^ E£j- IC SOI CI^McllOI SIM £>K>ii £*|£i Q| 

£13101 2MCHIE ShSSCh a gAil AICHIAI^, P^McllOI uHy ^ LI^MaiOl Sit St^HS ^ 
□d|-0|£c^ AIAI^Q. s sj-gg. E^ g-K- QIHfOI^l A^<5^ 2 Ah SxlOil ^ 201 Q. S 3 

AilAiOllAi^ fj- 2f ^, g^2J AHDIOil EL °|0I ?H*H*J 7|£2| C|-0I2E7£2J EL ±Xtm 2 ^2 EL 

±7}£ Xmmil, 3 7H2J 2^ (Sf^, 3EIH Ail 3 3^) AKDICHI EL ^01 JU^ M2HX|£EKE= 

MEKH2E, triode) EL £A|# 3 ^2 (three-terminal ) EL £AS Xig^Q. S ^AHAiDilAi EL 

5[£S Ar§2l= AH£= 1 ^ 017|(slnglet excitat ibn)(HI 2JuK ELOI 201X1^ «g- XH^fil- 3'^ Ot 
^(triplet excitation)!*! 2JSH ELOI ^DiAl^ 2JIJ- 2^ 5*tffO| Xlg&CI-. 

515, 4=1^ iAIS^ISF- g« CrS, £71 EL 5*3 ^If#££A1 Ar^fe POISED 2 ^£ EL 

ju\ ;h^2ISJh, sj-bsi £7i el sm 2 el £x r 7i- a^eisi^di, 2 

EL ±Xrl 5AI SxltQI I^oK>fl JH^EI^CK E laQii EA|*J* 2 ^2 EL 5 A! 

S-Xl^ '°7I BfS- CKJI2E(organic light emitting diode; 0LED)'5A1 X|^j2l7IE 0121*1 2 ^2 

EL ±*WaSSJ SEffl- uHy E^ £A15X|-M# £*!<5f3 = AIE7F OI^OiAIH °»Q. •§§ 2 EL 
^AKr SJ- 'SSI ^, S^(11R M^(16) AfOI&ll Cht ^5°J ^1 ^#0| TH^flS DOI^H ^£ 
^ ^SaCK CHS^^S, 'Tang' gOil 2J^H A1|0|-£l '(ot= / ^ B / ^ B / 3 AF / 

^i i ^ ao-. oiei*!- d# dh° ^ ait aoia, 3^:.;h^ §°j 

Di¥M2J EL 5AIS-XPI- Q# *H E -^rH 2iCK 

AjEH^o^^ Qhi- z?^^ E IbOil £A|^ HF2f ^01 All I ^ (11) ^Oil, §S ^S#(12) / 

§S ^^#(13) / iriT#(14) / SXK^#(15) MOI ^Al^ 90101 ^SSQ, SE*f> S^(11) ^CHI § 
§ ^EJ#(12) / 4^^(13) / ■■SfSSO^ / 3AI- 4^ #(15) / 2 A!- ?S#(EA| ^^f)^AIS 
I ^£ OlttH/ W»A(14)S-:fiB-- ^^1 §25 £S £|01£. f CK B SAilAlOilAi^ 2^1 AK3I 

• Oil 2~ if 3^1^25 "EL e'^AI Als'u^l^ tlCK [[fEhA1, 3#EI SS *-?aS(12)', 

^#(13), ^#(14), 2AF ^#(15), SI 3 Ah ^EJ#(EAI ^)0I H= 'EL #'0il .5t^CK 0t7| 
MAI, 2 EL ±m\ SS-Oi s^(16)HF ^(1l)o^e| ^ 3XH2I- 

01 ^#(14)25 ^SEICH, IT!m(M)tHfA1 OIM^J XiaUH 2JoH ^01 OI^OiAMI SQf, ^ SAilAI 
OflA!^ EL ±X& 'EL 4:^21 ^M'^SAI XIS§PI£ t^Q. EL ^Ah2J ^H" EL ^A^2J ^§ 

2|. .3EI^ £ 1c LHAJ £ teCHI EAISJ- Q1IUX1 Q0ICH3aS-S "'SSW ^ 2Q. EEOilAj^ 3Al# ,: -*2J 

ssws, s^i '+*2i nan ■ a»a- §^21 oi§# -.atfis ueh-h^q. e^ eoiiai 

TaAISs (11), (12), (13), (14), (15) SI (16) ^ ^ 1 1 3^ EES ^(A), ^S#(HIL), S 
S ^3#(HTL), S^l ^#(EML), 3AF ^^#(ETL), 3EIH Xfl 2 3^ ic.§^(C)i LfE^Q. 
Eti"> o>2r ^(A)Hl- g=(C)2J 'Bitt^« UBLHDI,. EA2h Ife ^ 3AI- *|5r£ SI OI^SF 

50!^ M. UayjCK.HOMOSK LUMOS MAf »E (highest occpied molecular orbital, valance 

. band) 21- 5173 HIS° ?-ilSc^i'4 i ( lowest unoccupied molecular orbital, conduction band)M 

.lew! a. aw. e icon EAie aor, a^(A)(ii.)jtt s^-(P)(i6) .abim a«(v*)?r a^ran ^ 

£9, ?a^(HIL)(l2), §5 ^^#(HTL)(13), S^l ^#(EML)(14), 3EIH 3Ah 

(ETL)(15)M^ «EHS, ^ #21 I5D| ^|(F erm i level)^.:Al^ SCK 

^ AhOIQil a^KVo)^ 2J^EI3, £ IdCHI £A|£J HF2f Sf^(A)(j 1)H^^£1 gSOi 

. #(HIL)(12)2j HOMOS ^SEIDI, §^(C)(16)^^Ei 3AF7I- 3X1; ^#(HTL)(16)2i LLMOS 
SD. OIEIfl, EOil EAI4J Ut9} ^OL °J7f3^ h V c . ^h ^§ 3^ E^ turn-on 3 2r(Vo«,i)SP- S 

^oi u 3ai#oj wmm (eml)(14)^s oietixi el ^oi ^chli-xi ^ck heilk e 

leQil EAItl" UW &0I, 2J?H3£r V c .7r Vo^M ^^r3, SSOILF 3ArlOI ?S#(HIL)(12), .Sg 
4=^#(HTL)(I3), nan 3AI- 4=^#(ETL)(15)e B2m0\ Z?\ ^e(B1L)(14)£S ^2101 §gHF 
3Ah2J aa.SSlS ELOI gftStlQ (E 1e). 

4^1 2 EL 5AISXI2J 7§ Al^gOil^ SB AIM (Passive) A|±gj2F °-^E| "(Active) AI^'MOI °iQ. 
I8AIH^ 2 ^2 EL SAIS-xl- l£?l£!"£tHI ^S3^SS ^^^j ^MEK3I=^ • gf EL 

S! ^liH^hE^ ^£'5 ^SE! ^MdKDi^ M^OI SOIOi ^#^! ^^&!Q. EH AIM 

Al^Qil [[fag, °^(E^ M^) ^Af>| £2| ef-U7f 3 E ^2in, 3 E -^& ^Ah5 £KHI ^21 thrt gOilAi 
H e^(E~ 2R) 32301 S(ON)- ^EHIHI t^EKDI ^1 M-SD. 35:3011 2jq£|^ 32. 
^ Sl^g^EI S^S 01 01 El 3 £ (HIP 2 32)71- 32:3 ^gtlSOil 2J^H S22I01 45^^1Q. 3s3 
^eil^^ IC TAB (Tape Automated Bonding)^^ 5A|§X| ^"Oil g-^A|^|71LF IC mm ^12 £fc£ 71 
5 4H)il StfAia SAISxlOil ZEUO! 2!E^ UHSSQ. 

tTS, oh E ,u OHM^'^s -zpfg -m±Oii: ahc£j|| Dl&miL. &?\ 2^2 EL ^Af2J 

§2j SH_rl n ^Ex-il ^AKHl S^AI?j, SIE^I ±Xl£ 2 =g EL ^i'i^l XHCHoF^ 
A1^aOIQ.. 0 ^EJMa SAIS-XlOflAI^.^Ei-fl aj^JS. agt!" M2HXi±E1M 13 715 ^Oil **£A\3\ Zt± 
m M^mth. «7|011A1, SHE^I tmolO\ MSjAI^EiM -^MSlAi^EKThin Film 

Transistor, OI^S TFT'S Sfg^'EMl 73§*!a. ^EIMS 2 EL SAISxl^ 2 ^5 EL ±Xm, 
IS 712- ^Oil >ilO|M 323, 4:^ 323, 3SS23, M?HA|^E1, S! TluHAIEIS ^SQ. 

g^£5 ( ^EiM^ 2 EL 5A|§XI^ ^2J tt±OU ^?!g§ TFT2I- TFT ^ 27H 0|^2J 

TFT2I- I7H21 7iiiHAiE17|- HHxIS 755 SSSQ, £l50il^ 715 ^Oil TFT1 S^fe 71^01 SWI 3M 
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Sl^^r* 1 ' Cr^SH g£l5(poly-silicon)SJg Afgm= TFT— 3 231 221- OI§£(mobi I ity)^ g 
dlggg^aacainorphous-siliconj^r — 



^ ?ISgM D|S1 SIS a ;£Arl 
S7WS 4* 2i= §2J 0|£i OISM aatK 'ati-. EL ' W» 4Afe ^^0|M(back fight )7hlT®H 

^^J 11 -^ 101 ^ u ' iS *>- a±»aoi wag ^jjii a ^nm b^aiii $ kq. 01°^ g 
□hx ci±«ooi cHd&ii el so- ^tct ss 9S7i(ois ^sei, ^ch^ mm! *chs 
Ss^l^.cS.^^ ° )2i a^saoi abb 4= aa. on Hg*pi zmM= u±mm\ 

Al-et!^ EL CIHKM±2| 2^ ±2g EW 2W9if HQ. 

a =, g oj s^g wg . slOl ^3 3 -=jg EL i^F BKEjB ±XKHI 2^£I01 °-ijEIM§ 3 ^2 EL 

Jill 




^£H°1 °-^EISS EL £AI5*MAI£ S42I 2 ^4 Q0I2E EL ±7X?\ iTMfl S^EIOi- XII 01 El 21 




.®D|, a-EJB sfcWSAfe 23IE2I- M?HXI^E1(FET), HHJ-S|SK>U = Hfej- MS^EI(TFT)^ Ah§l' 4= 
SS'-J^S, 011 -Oia^lDTOSI -aiSS. «SttD. S 2a= 3 ^4 EL ±»2| ^4 S9SEMAI, 7I5K10), 

■■«7i.7ia-,.4»i.««a.» i.s^(ii); 471 m \\E^om S4s a 1 s&m-*mi&): 47 

CHsiSIE* g4S TeO 2 2^(16)1 5*f60 471 £7|g #1(22, 26}2| 4CH*1°! 291 S i 

S 3 SLS S "o,sS, 3-1 H2^Sr.?£ M i '3 3 3^(20)01 471. HI I .2^(1 1)21- 471. HI 2 2=1(16) Ah 
01 3^21 21^011 gx) cm ggEIOt; 3 ^4 EL £A>g ?gSQ. .01 71 Al. 471 HI 3 2^(2tf)E 471 
1' 3^(11)31- 471 a 2 2^(16) AHDI 2°!2| 2l^0fl ^ ?|X|§HX a H|g3= 2E4 S7|JBg-. 
2E4 ¥7HHS. £££r.H. ^SEIOl. Q)^ H*B3|*Pife I TO. A 9 . AL Mg, Ca, Li S Ji 

71 M 3 2^(20)01 471 ft I «| 2 S^(16) AJ0I°J S« Tlh4)I OS&4 ^BS(Po'roS 




P032045,^DIJ^_^&1 SS!, 10-2001-0066442 S PCT PCT/KR02/00 103011 2!3S 3 ^4 EL iA>S 
471 M I, 2 S7l.s #(22, 26)sS §5 ^S*(I2)21 §S ^£§(13), S7I Sf^S(14)2h 2X1 4=^ 

i^JA.fS £S1s 1 ,r?fxf If asa ^7i «i i 3^(i i °?im #(22)es 

# ^Soh^ §3(flHit = .A)oSA| SMSKH. 471 HI .2 S^(I6)S 4^| m 2 s(26)°S S3J5 

flllt If C)2SA1 ^Ssffi, 471 Hi 3 2^(20)S 3A> SE^ §S2| *«. #Xl|Sfe 

tlQ. 0121- S-s °7| 27j«-i^ iAIOllAl. 471 XII 3 2=(20)0i 2!7hE|^ A1I7IM- 
ISItS'^tJ L,S 3^(11. 16)21 2?) OH CHS» 471 HJ 1. 2 S7I§ «S(22, 26)21 40)512! 

51^4 HQ. KW 471 HI 3 *R(2Q)(W 2JSH31 HI I S HI 2 2^(11, l6)°g«E1 471 
Q 7I1.#M(22. 26)S OlSSfe 2A121 §S2J ?SJlf# SH*W.5S«HJI 2711 " ' 



O 



^H- Ail 711 5^^Q. 




Alq3(tns-8-quinoIinolato-aluminurn; Ma^-8-?IM£!h:d^-^0ls), BeBq2, Almq, §^ ^x-il^^ 
ZnPBO, Balq g°] .*tS m&Wm HmV ^ ^M10FEi?l!(strylarylene)^ SEi-«2i 0PV8L 

^AFCI0F#(oxadiazole)^j ^£x-U2J OXA-0, bi^r^Eil^MEfil! SELM, HI^^EIlOrl^ SScllSAI 

^M^&mm ±& m& u\=mm v#Am ^ siq. 

gfim(14)l ^^e.fe JIS»S= PPP(KI(P-aae!)), PPV(polyphenylene vinylene; BEIflya UIW 
PVK(polyvinyl carbazole; 'SEIUIW?@til9) SEl^FMLO 01 S (polycarbonate) g2J SAIS 

HfiOfl CD3- *«g^ ^71 ^EJ#(I2) a §S ^#(13)^ Xfl 1 *R(11)^^Ei 
S--^ TPO(triphenylamine derivative; MdlSiy0r°J ^Ex^l), ^EliOEj %SM, 
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(12) 

— -id — 5L o rLfl he. -is- l_r . 

SJJ^I'Uf §S1 52J(hole inject ion)or= 2> C ^(A)2| 71 SI Sffl. dl^gSES i= 

S!f a ^ArOIE(lndiun> Tin Oxide; ITO). 2J§ 93 ^A r 0IE( Indium Zinc Oxide; TfO) I 
*L f 2S o * JMSDI 491 ffl 2 2^(16)? S XH ?a (electron inject ion)orzr 

s=r(C)2| 7lssr o0, yg U^4== 7fj^ Al, Mg, Ca, Li § SI 3 ^ttfflS 01*0)1' 4= 2JU. E 

If. aaoj [oa/ds o r *oii lsf 521 ^7i§# stasia Arise al *g<>I sms ia I 

7J J1I 3^(20)| 2E4 S7| EHWh 2Eg 151110) =2| 2E4 °7fsil it 2E4 °7 Sil 
■tiiiS=i^iW i^S. 51 ^' Ur95|SW£ ITO. Ag. Al, Mg, Ca. Li SI 3 i«S §°S 01*0)1! 
£ SU. 491 XII 3 33<20)S gf E= g2| 29) # 7rXIEH 21* Siaotllffl, 491 Sil 

2^(20 Oil °J7rS 29171- 471 871s #M(22, 26) 2j 2*11 5«SKfl f I 2^°S"E 

§§2r 2»sj Hit ihswi aof 34 irr ?iei "saSSw ao. ^ 

47|*t 3 ^4 EL£X)2| E 2b LHAI E 2d UEM OflDAI U0l0Q13 o £ OISBI,- 4= °!Q °1XH 

?8*(I2). 93-4dft(f3). °7I ^lt#(14), 35IH £W 44s(l5)lt Btt §HS. 3 

S2| itilSDI 591 (Fermi I eve I )^ MM. HxltiO. 01 (IH, SI 3 2^(20)01 21*2 SWA) ^51=1 4EHMAI 
H I 2^(1 l)2 r SI 2 2^(16) AH3I0K 291 V si °j7ras SI T 2 =( 1 1 )2S$E| ^SOI %S ^SS( I 

3llL?OTi?* -saa.fli 2 2=(i6)o S ^a 2x771- 2x1- 4**'(i6)2i lumqs ^ssu. oiiih, a 

JKSSr >7 r turn-on 2 2K«U« )SO ^£3, 4SOIU 2XH0I S7| S!»ft(U)©S 0|ls r X| Isict, 

a areoi s-'oiuxi sfeu 01^ #421 2 ^4 el ixra s^nf ggsia. ^silk oiM'sBra. e 

2c0)| EAI^ a«B. XII 3.2^(20)01 230)1 31130), SI 2 2=*(16)2h HI 3 2=(20) ArOlol 3°- £ 
71 2!7 r EI3 S 1 2^(11 )2J »| 3 2^(20)2) V..0JI 2ISH Jfl 1 2^(1 l)2f SI 2 2^(20)0ilA{ § 

50ILI- 2X^01 §S ?S#(I2), §S 4=^S(I3), HdlJl SAF ^^#(I5)m S21-SI01 °7l gfs-a 

□^LK SI I 2^(11 2f SI 2 2^(16)A|0|S| 2711 S2 r S SI 3 2^(20)°S*E1 *7t2J ^»7h 

S7i ai»*(t4)os ^sioWzc). oi^. a^raai.^ v^aa^-^fl 3 2=011291 

V M 7h oi7 r EIS3 ELJOI g^l .^E 2iSs UE(y»D. 0|S-|*h 4EH0IIA1 291 §?r §7|S r S (E 2d § 

r^^n^lfl^^^lofl^S 2AI-2I SE7r §7hSI01 W ?|E7f S7 r SW S 

CI. Oiasl- 3 =4 EL £A>2J sgfg 9 3, g=oj 29|0<| SigSMI 2J5*fO-. 

E 

(11 

^4 

2 2^(16)8 5*^0) 4 : 7| '^7Ts §1(22, 26) °T 29l#" 5^51-7] 91 SB 471 'i 2 S7lffS 5«M M 

3 2^(20)01 ^^|l ^01, 471 SI 1 2=2h 471 SI 2.2= W\ LS^° I I S^ttSSS. 3 
^im^^-^P ^ 2CK 01?,A1 - Xfl 3 '^= 47I SI 1 2^21- 471 SI 2 2^ AWI 

3„^° EL£A>2| ^fi E 2f LHAI E ZiM UEM OflLdXI CHD|CHniS2.S OloBS" ^ °[Q 
Sfl, E 2fO0.EAJ*t UBh.aoi. 2>^<11)2|- §^(16), SI 3 2=(20) AJOIIW SflTf °J 3 'KM » 2 3. 

?as(12), 4=*#(13), S7| ^-Sj-#(14), HEIJ2 2A|- 4=^4(15)1^ g*j 

f&^ffff MS' IffST!" levels AlS ^kh. 471 3>4 EL ^iwtM. a 1 2>(20?of 
SSOIAI MHO 4EHS, SI I 2^(11)2} SI 2 2^(16) AHDIOfl 291 V S :7r 2!7IEIS, SI I '2^ SES Sf 
^(l l)2S*E1 §S0|. §§ ?as(l2)°|. HQ.10S g» ^.gJEIOI SI 2 2> E= g^(16)°S*E1 ^XK 
7h 2W ^#«(1.6)5| LUMDS Ollfll, °]7l2^'V e .7h toin-on 2^(V^)Id L SBOiU" 

SSSPl-^ 71 =£W ,4 >-^ DlWtlXJ.SSW; 'EL. aftSOl SOIUAI Ofe 14*21 2 =4 a i 

S^il^t^lit-.^'JxI-t^' £ zm £Alte Ur£r ■ 3 2^(20)oi. 2i* si son aasa'w, 

SI 2 2^ g^( 16)21- SI 3 2^(20) AKJIOil 2SJ" V ct 7 r °!7 r 5LIS SI 2 2^ E^ I=2h Si 3 2= 
21 2?l7t V 0 ,OI| 2|jB 2, c ^2r g^OJAl SSOIU .SWfiOl §S ?Ss(12), SS 4=^S.(13), 1151 H 2 
W 4=^S(15)g #215^ S7| tms(14)og ^ejSU. OIS °7| ! h lJ-s(l4)0(IAI SS2|^ 

2^(20)2S*Q *7f2| ggOl °7I ^SS(I4)2^ ?£J1 4= 2iU..(E 2g) 01^, oj^^ Vo-71 vL. 
SU SSQEFE SI 3 2^2| 29| V C .7I- °"7 r EI3 ELOI §@i 4E UEItfU. 0| 4EH0flA| 291 %. 

7\ gxl- §7|Sr3, E 2W!i EAI§j- 2 gO|, °7| S-&S( 14)° S 5-2ja— *1XI-2I ac^ xi+l 

e7tSHDl »» *IE7r.g* r men/Tern* tiW SOL ^=4 EL ±Xfe 2°Joi C, SUE 

«s s^obaie mmm ^ si^or □ ^w. ms.?t z ^4 el ^a>2| a^au q so, 
•^IliJ^r^-Fti^il^^ el : ^xf2i mm ai^oi soixiTii a 71 nsoi. ibaih ohssj^s 

1-4x1 Oil Ai 21 SS^ ?IE(2E)7r S-SBSls HBOflE EL iA>2| §2f 4jn |gl riiQ°| 

ibll2^0| uflAIM DHMa^ ^SflOJ d|58 ^Sll' 4= 2iU. Ofe Sri 4=71- Sf-OfS 0J(ai«E7I-^- 

OlOil A|g 40151-71 UBgOIU. ^, ?!)Eia OHMq^OflAI- APfOI tt^iii £tu)(I 2JsB 1-nrHU ^ 

2i?ii ifflsofl. -a^ 45joi aoi 7i2i saeFgril ■ Values wgq™«oi 
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m= m± UHOii sg- aizhdi &±sm ccfefai, ™e\* 0HMei±«2i s^Dii- m± $ 

7F SWraODE g^ffi SS 3E^ 71 SJgSFfll SPA U £ SO. HcMLF, uHAIM OHM^I^°| £° 
(Hl = 5F^ :£7F V» HE1 ^A|oF7l 2|<jH 2£ gE7|- S7FSCF. m± 

^m^jmn ^ 22E1 ^mm= 21? he^f w» g ^ a= o -*jei« ohm^s^ srss*i^ £ 
His^ej *miEF^ «soii/d eh aim DHMsi^a -srasaoo ui^a sa*w sa. cqefal 3 =3 el ^xf 

71- ^EIM DHM^±S SSS*I2F [IHCHI 22*01 S^OilAI £» g# 4^ 2i 

71 in sou. ±di2^oj srs sai^ a= sritsxis 201 7^ct sck £PI 

ti- U^^Ei, °-«E|M OHM^S «®S*IIHIAI£ »■» 2^2F »g- AlZtl »£fl ±AF£ S^uWI XilCH 
£K3 3 ^2 EL £XFt E!^ ge °JEM S^oMI g*Dif 4= 2»7I (iflSOil, B §S£ ^Ei 

M DHM^^S irSSWh 3 ^ EL 4 AMI Siti'ShCfe 31 SS^WI EI»Q. £ i^flj 3 ^ 
EL ±X\m AFStf °4E|* OHMSj:±« ^^XlOilAi^ EL ±XW 2EJ0I W* OH Oil £^ g-g-jfcgoi 
^CHAIH, HOfl [QEF |?g- *JE7F £S t |^-o| 5A ,g tiqI 7 F^ 1711 SCh CCFEFA1, 

10V 0|5h HISSIoMS 7.5V OI^K Ci^ H^*!oMl= 5V 0loF7F 1 4 £!EF. E*L Als^ 
Ei «7^oj ;H^0| 7I0IEI7I tlH^OL 2^ h 0| 2.5 LHAI 10V7F 1 211 01I7|^ ^ SiQ. CUBh 

Al, EL £AF2J §*J- S^OI W7I UHSD1L 4301 21 »S§WI» 2# 4 2iQ. 

OISK 3 ^2 EL £AF2F °-^Ei^ ?g±A|-21 5^£g XAI ±AF12J :?»StS!! £A| *JEHg§ 

[6IAI«EH H 

E ^Ai^EHQIIAI^ £ 31 §j-^S|Ctt ^EIM OH^q^ ^ 4A^J ^51 ^S^F7|^ tfQ. £ 3^ a 
^3 (HI CO-E 3 EL ±xm Mgtl °-^EIM DHMq±^ ^ ^AfM2J [HS^|°J 3-4: S-SSESOIQ. £ 
3aCHl Ai ^2 MO" 7 1 5^1 AlAluW Si^Cil, 01 71 Oil Ai^ 71-AI ^CHI CHo» 7IS0I AfgSCK ^^L 

ssi -^is; ^2 7ie; is^ sei 7is, e= me^^i 71501 a^si ^ ^a. ^71 715 

(10) ^ ^£2} gEEOil .COEFAI ^El^(si I icon) £^ eSOFAIILKl| = (gal I ium arsenide)2|- .ITS SJ" 

sxii °j rn^s:^ v 4=£ aa. son EAi*rth£Oii^ el ±xm mi E^rn'Mmm 

■FT(0|*S -^STFT" *2fl*II0| TFT"SA| 73SS-) Si 3 EL iWf ^X|£I01 °«Ch O|7|01IA1= 
^S'TFT(102)SO| £A|E|CH SXIS?, ^§ TFTHJ 7i|0|M(41 )Qj| °i7[t|^ 2^ h l Xj|0im7| ^Itl" TFT(0|^ 
S TFT'sLAj A|gH)£ ^SEICH 2*^01. Itl-^Ofl 5^£l^ TFT ^Oil^ ^SOI SQ. £ 3a(££^ 

£ 3b) 01! EAI^ HRKirOL TFT7h EL ^A|-2J M I ^ 2,^(1 1)0U S^l g°(MI^ XII 2 2 
E= 16)01 CH^ S^^SA12J «^ 3h7il El 01.. ^§ TFTOII^ pi9y TFT7F AFgl UHOII ibig 

.eioi ^xm ^ aa*. nau, ^^i§ tftcsaim a^)^ mm tftm ^as -^s pxii^ tft^ 

TFT(102)2J EE02! (42)00 & ^SSJ" 2^ 2^01 371 S^SCK 01 71 Oil A1^ ^ tJ-^71- 4.5 LH Al 5.5 
eV°], XHS7I- 5^ S^^J XHSSAi AFgE|7| IIIISOfL 4 h 7l fh4: S=S 3 EL 

(11) ^^AI 71^1 5^1 EIEF. t[± 2^ ^(U)^^AI^ 3^^^ ^eiadTO), £htf0h9 




7F A^l ^ ^Q. Qg^g, EL « ^011^ CH*f §=(16)01 ^^&q. §=(16)2J . fflSSAJ 

c'i t,^7h 2.5 LHAi 3.5 eV°l E2SXHS7h AFg.SQ. 

E"3a01|- LfEFtf 4^21 t^LH^J TFT^ ^^(40) ^ E Ell 21(42)1011 S^efe ^ff ^S^l-^ 

Xil^" &7H0H- n 3 2^ 2S^(8I5)M §A|Oi] A 2JP-. E^t, TFTBJ "EMe!(42) ^l°J HIOI^ (E 

,& ^^^)# Xfl^fe EWIOfl q 3:3^ S«fl.:«2| UlCH^t MAI (HI TFT .fl2| IdlOl^m # 

§101 TFT21 EE1I2] 33^101 a^(11 )S 'asffffe &31CHIA1/ M 3 2^ 3^(315) ?|5J HI 

0\^m mt>\0\ M 3 ^ 9^m01 X1] 3 2^(20)M 51-4: 3^(11) ¥EOii S^AIl 4^ 2iCH, 

&71I°J §7} 2iO| ^A}# liWU ^ SiQK ^7|EJ ^(11)21- M 3 2^(20)^1 AH ^ □! 

§!!£!■ S^OIU ^fiOU CCfEFAi^ 0I^2J ^ 3 2^(20)1 S^AI^ 4=E ^Eh. ^301L E 3t£| 

71^011 A^Ei^ 2 EL ^AF TFT 715m 3EH^ Al-S^ Si^CiL 7|^2J TFT 7|£^ 

a-^ s^oii Eimm m, ^osm mstt^ ssoiiai d^h §t a^foi e 3boii eai§j- hk 

-SS ^EKDIi ^EH°J S^(l6)2f 7H1 3 2^(20)# MAI 01! *<2sf01 dbAH X1I^- - *[Eh ^7|S] 

s^(i6)a 3 2^(20)^1 naoi 'safe- 3^oiu urou [o-efai^ oig^j mus a 3 2^ 

(20)1 4^E 2! Eh £ §° E.SbOII UEi-yj 301 fF± ^ bFE|CH(51A, 51B)7I- 

^^lEICH ^E|M E# ^E SEF. 

^71 ^a^M Xfl^j 3 =^ EL ^Af(203)^ M2°»-(17)0il ej^H S012EF. S^(17)^ 3 ^2 EL ^AF 
(203)M 2^EF MS^EI Ssuh7| Of^EI^ * 20ID. S2^(17)2J JHS^Aj^ lf^± ^ IthM- 
^ 2-^^OIh ^E|& ^ E^ ElOIOhSE^ ^)0I Af^SEF. ^"71 

fiS D 4§ E 3a S°(EA|E|A| STM)OilE a»0| AF^l ^ °iEF. 

E 3a2F E SbQflAib 3 EL ^AF(203)BJ ^gsj. °t=(njO| ^ TFT (102) Oil 271 S^E|A|°K, E 3c 
£F E 3dCH)A1^ 3 =2 EL 4:AFSJ M^(16)0| ^§ TFT( 102)011 271 S^EI^ XH^F~ §°| LF 

eh.hu aa. n as, 2^^ e^(i6)o« afes ass sseiji/^s Tn^-naa tfts oi^oi 

Al= ^01 H\S^S\Q: Etf 3 ^£ EL 4:AFM ^^SF7I ?|oBAj XO 3 2=01 E 3a2F E 3b£F ^01 °7I 
oF^(E 3c) E£r ^(E 3d)01l ^^^|EF. 01 S^, CHt> p 2=S S==(ll)^ ^£EI01, 

E 3a 2F E 3bS°Sy™ "KiH^, ^AF°i ^ ^25 EL01 SfSSDi & SAflAIOflAI^ ^AF2| CHtf 2 
2^11 'Dftf 2^1 'SAI. Xfl 3 2~^l 2^11 'XII 3 = 2^1'^ A|§^F7I^ *JO. E^ CHt> F 2^ 
29IM 2I7I5F7I 2S!# CHi F 3S!'2SA1 A!g^F7|^ sFDI, XII 3 2=0fl .2?|g °J7FoF7| $m 2 
SI *^ 3 = 23'^Ai A|gSF7|^ *CF. tF^2^^l 2^I2F CHt> p 2^2J gfl, _ 73] 3 = 2?IS0| EL 
#011 ^SuF^ 'EL 7§ 22T0I 3EF. 
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^f!^n? H I5i-? WSS*! 2 ! S*fl E 3aCHI EAIS £XH 0ll*f g°i WIS E 4a a £ 4bCHI 




r 0 ! o r^ll!' Q4:2J as ^hisul 0^21 hi 3 *r ssi 3sd(V)g ^aism. 

?TtJ 5h± - 2,2 > 3 -° EL ^ °' i-IS'g TFT1 51BKM. iflSS TFT2I TflOlM S^S p^2| 
7)1 01 M d£dS2l ShLWI 2^513. TF12J g«2f =203 S3 §21 SH-fe C(-4=°J 

dSd «2| Sl-LHHI 2^E|0I. iSIgg TFT2) QE SHJ2I S«g :?§ TFT2) 7flO|M S^OO S^tlH, 

21 3-= 3 EL ±W» iMS g^2| 23 §2} SHJOfl S^BDI. S^S 3^00 °!StJ 

lf,?S J §- ± xm » 3 a -oi cw=2j xu 3 g?i §52 §21 shjoo s^ei^ 2a 

m®£.E. ofe SAISxl?!- JOSSCh. £}| ±± d2£! I2I2J 7IZK30 S^S! CIXiB d 




S-xl^F SlgsiQ. 

£ 4a0flA1S ^2 
d2£f ^SSISl 



'2jroi n±&m. ¥2 '2i3 oi 7iioi m assise, heih ^± zm j\ ±± 

zt^i XI Alarm 2iD. Ols 35= TFTg AI-gSKH Ol^Ofg 4==. 2iQ. 70OIM i!2= 




ai(2|3)SfssQ. bah. ^ssis(2i3)oo 3*0 glW ^sasWs ifeSoia la= Td 

^^-j5^,M^°^L^? )S }r^ mm fflt? SSfSS. A|-«e aixl^EI, H)tt), EH*!, Oh 

Tfrf^o^^^ 1 mm) - E - AIEE1M qiUICJO: OPIOflAiJr nffly TFT(109)2F P i»a 

TFT(I08)£ OI^CHS CMOS S|g?K 3E1*MIM2| 7|s °y£S EICH 2iQ. AI = ee eu^I tHffl 




b.wb mmm ?\n Aj-gasu.. eaoraiE, ieioidie, a bcb^saims^sir ir= 7iEra § 

S^tJ E^lf gfpg °7| 4:XI XHS^ CHd Ah§l 4E 2iCh 0I-312I- S?I^A"| g^SOl 

?i tfHSoo> MEeoh *eioo °im sge -anstm siE^roaste 201 Hte^Sc {. a*"3ay 

2s ■ S-Xlofe 22K7I- 7ICH1 ^ SJCh ^(11)^ TFT( 102)2) M2fl°!.HHd0fl g^SQ. 0ICHAI. ^ 
tmSi ittJ*l- EL §(22, 26)2h g=(Mg:A9 £^ At:Li 3^)(I6)0I SgSa 0I» " =s ™^|(H| 
iSAISOl SOI Sga^ 201 U&awm. a *(22? 26)2I =f 5 so lhxi SonSSS 




4 »=: EL Si itmfe 21 li£g ^- 4=E SICK S gSOOA^ 9AJ I7H2) f^a m | Q1IA1 

EICH SJXISh 3 ^2. EL iATS ^SS tkfcMiej 3^1 33(sirtkm ^ °;= £SflS S^M 
.AHJIM D^. S'Sl ^E °ia. Etf. §^(16)01 ^00^ QAIWOId ■ Sf(l7)2SAI OLCfQOlOe 

¥s-F^L°LF= -Ol §21 * SICK OI#E1, E 4b0|| EAIS UF2F ^01, §g«XH(2t?)^ 




FPC)# §^25«| HISOI 2f«E!D. 



B tfA»an MAIS ?!?EIS OHM^i^S ^S-Xl^ 3 ^2 EL £X>M WlfiXISAI Algt^ES^ iHI 
2^01 yi! US SAI7I- 7fe<n7fl a^ 2# 3 sg£S *0. 3 EL iA>2| 1 a =^ g°j 
01 [fflgOO, IflHWIS EL 5|2| ^SOI S2 d§l20l ^g- i§i OHE1 ^ui^tK 

[4'AISEH 2] 




tKi^i, '2i2 dioiei ii2= ^stisi, nan 21 3 oi TiioiM ^im^?dms.m~'^m 

2iCF. QflOIEI d2= ^§f|S(212)^ 2,^ A| = M MAI ^Ei (21 2a), «| 1 & 2Hx|°212b)^ jffl 
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2 & 2Hx|(2l2c)M 5^Q. E£h £hi:¥(2l 1)01! = Q^2j £F±(804)7F *«SD. 

E 5b~ £F±(8Q4)2| «t|^E£A1 E 3a(E^ £ 3c)2J 751 US*!- S^OfQ. ¥± '805'^ ?i|0|E tJH 
^2 '805-^ C1I0IE1 HH£g, "307"^ TFTM, ¥2 '808's 7§ TFTH , ^5: '809" = 

3 EL £Art, ¥2 '810' s 711HAIE1M, ^2 '311'^ 3£J Ss^Wi, 332 ^2 '815^ XII 3 
2^ 3*1 gsdl ^ AIAI^FH TFT(SQ7)2J TflOlM = >||0|e Ais:d(6) OiiOl^ a 
22 SI LHAI 6y g2J tlU) (935)24 7I£J^CHI S^CF. ±?|§ TFT(807)2j ±± <*<*2t E£il°l g 
21 ofLF= ^ ^2^(S)(^ SI LHXi Sx £2J oFLF) (806)011 S^EIH. Qg 5H-F= 7| 
TFT(808)2J 71I0IM 3^ a 5F£2| 9\M AlEi (810)2j SFU2J 2^ CHI S^SCF. 3HuH AIEi(810)^ ±$m 
FT(807)7F Uiaoj £€H(2* aj^jqjj o,s qh Ofl 7§ TFT(808).2J TttOI M a2T8 SXIoF7l 2|oH H3EIOI 
aCK ^§ TFT(80S)2J ^ S^HI- Ecll2J §2J SFLfe S3 Ss^!(V)(VI LHAI Vx g^J °j2|2J £F 
U) (8 1 1)011 E^EIIL sFLF^ 3 ^£ EL£AF2j ° c ^(1l)0i| S^SD. aa 55£!(V)(81 1)= 5H1AI 
El (8 1 0)011 S^SQ. ^eiol-g, £*li! TFT(807)2K 2^XUCH TFT(808)~ £^ EEil°J S^ira AF 
OiOil C^°J ^2 S^Oi Df2EI = CF§ TilOl^ £|£^ 01 = 011 4= ^oL.^?| 
t! TFT(807)^ 2 = 3£(TFT7F 2.E. ^EHCHI 2!M tlHOil cyoi 3^)2J ^XIIBF^ ^EOUI Q§ 
"71101 e EIE^ 01^01 SOI 22ROIQ. EeL TFT(807) » 7§ TFT(803)nxHy TFT2F 
PxHy TFTM 2= AFgli* 4^ 2!Q. EL.4:AF2] °«(^ 2^)01 *F:£ 3^012 g^OI CH^ a^2!'3S 
Oil£ TFT(308)7F pxH^ TFT2J 5101 HF^oFCF (E 3a). 3 ^3011, EL ±AF2J ^(^S S=)0| 
CHt, F 2^0|J2 g^OI 51-4: S^oi S°0fl^ 7^ TFT (808)?}- nxH^ TFT°] SOI U^^KIF (£ 3c). 

71IOIM (305) Hi- ^ d5l^(806)2J S=0il CHoB 312 th£(HIA|£ TFT(807)M # 

m ±± a 2:<y(806)i>ii oioiei as;f ^haieksiwihi #s^q. se^ ^khaieksiowi 

□IOIEH SPXilOi TFT(808)2j 71101 M S^Oil e]?f£!H, °j9KI^ S2t 7§ TFT(808)7|- JHSS1CH 

.SSI : S5d(V)<81l)0fl S^S d^l- 3 ^ EL ^XK809)2J ^011 °]7H|CK XII 3 3^ a?i g 
. 22(815)011 dsMOl 3 EL 4sW(809)2J XH 3 2^011 DIE! S*H£! S^IS °J^LK 321- If 

01 UH31,.3 ^« EL ^AK809)01I ^01 gCHUTII SQ. ±± ds<301l S^£l^ 2|^0ilA1 

□IOIE1 d2i ^ ^etl^OII BJ^H SSEICH ^ ^Al WIQilAI^ HH Al EH (31 0)^h Um 

.§ 7571- Ot|A|£|Xl°]-, a.igg' 3011 ^ S^ OFU3, ?11A[E1 (808)^1- O^tlAI ^ 

Al xO.gl ^ 2iQ. OlOil CHoK31 £ 3b(E^ £ 3d)2J -HS6r ^ 2^ ^011 EL ^iO|. ^ 

^ CH^S^Hf Xil 3 3^ XII 3 2^ 2£J 5^(815)01 ^MEf-OIH SEH^ ^'SSC^ ^KDIS 

0121011^ §SJ<5fO. 

£ 5c01l^ E 3a(££~ E 3c) Oil UEVdf ^EIH DHM^,'^^ ^H"§X|2J £^2] WJE^h- EAiaOJ-"HO-.. 
^2 '807-^ ±*IS TFTM, ^2 "808"^ 7§ TFT1, ^2 '11*^ EL ¥5l '20'^ EL 

4rAf2j X1I 3 ^2 81!.*^ 3a S2£!#, ^2 '815'^ XII 3 ^ SS! Ss^l. 3B|H ^2 

Ws.^MAIEIg ^ AlAi^Hl EL ^7J2| Xil 3 2^(20)^ EL ^(11)011 °]gtf01 S 

^£ia xii 3 a a ssacT) ^(81 5)011 s ^aoi si^oi, ui^ eai^f g^£iaxi&, el sif cH.t> p a 

^01 ^AICH^ tF^ ^-CHI 3e£!CF. °^1F EL #^ 7H^¥01IA1 S^£IH, EL #^ EH* P a^lF tF^. a 
=1F2J 2^011 2JtH 7HXH£l^ ^MOilAi^ ITIM oFTll SCF. aa SSS (V)(81 1 )2F XII 3 a^ 3SJ 
a(T)(815)^ sF^^^F ?iS2J. 21^011 ^^^! aa(E301l^ EAIM ^^)Q1I 2^£ICH OIEI SoH 
a a^lMS °J7^|C1F. ai-SOII E 3fa011 UEFtf S -.301 X1I 3 a^OI EL % ^Oll ^^£|^ ^52] g° 
^ CHf^a^v ^ S^SF XII 3 a^ ^^EK3I^ ^EHS EL # ^¥011 ^^£101 3 rirXFl ^ 
' E SiQF. E^. E^Ol ^§ TFT(808)2J E£jl°J S^Oii S^l g^Oil^ g^OI "»i.a^SSA|2| ^ h 

i sf= ^soii s^oi cHfp a^SAi2i <*%>m mn eidi ?ia^oi tft a^^o^ Hm7il 

SO. (E 3c E~ E.3d) 

EL 4:AF2| a^s ^ 7I52J 21^ Oil ^^^! CH^T a^CHI S^EIOI EHtf a?i?F ^ 

Softii °]7fscf. cHtf a^L aa a^i2F xii 3 ^ a°iM^ a a- a^i^F m± a^oii anon el ± 
mmm.t\^m t[~ nsm §E2j a'«-»s--a-s- ^ai^lf. oi iihoiie e bcchi lfe^ s2f aoi 

-Xil 3 EL # ^F¥ E~ ^¥011 .^xl^- 4= 2iCF. 

5^¥2| 3-^1 3sj& 1HTOI 200 cd/m^ g°011 EL ^AF# AFgaFOI d2i 3EAIM -©raS/ tF^2J 
BSI asjg" 2f .0..5: LHXI 1mA/m^ a^^F sRoFCF. CKFA1, tF^^ H7I7F CIHOil^ aa^¥ 

ei ^^ixjoii 2j5-tt aa. ^aoii °j?f£i^ a?n xuoi^pf chuxi 3eilk b ^wiai^ aa 
a^i %i xn 3 a^ a^i2F im a^i^F oiei ^§eich ^xieihs, b ^ngi b^i^f eh^°j im 

m M**m=li\ SUF^OICF. B sS2J ' B. JEAI2I tFi:^~ E 52J - qx3E0fl ^SEfe S& OF^S ^2JtiOt 

"iraoia. 

CF^^S. E 69 iK^IOL AIM s" g"B(time division method E^ time-sharing nethod).2S TtS. £ 
Aim £t^F^ ^^SA1 AF^£I^ tiim ^StiCF. Al M^ imjOlgF ITlf AIZ^J i^Oil 5J^H ?FAI^^ 
S CF^2J Xil^M SAI^F^ ^laOICF. 3X1, 8 HIM CIAI1 AI^Oll 2J^H 256 fl|5(16.77 g 
£1)2J 11 E1 XAI7F ^tSEt^ Oil Oil ^ ^Si 5F?I^ tiCF. tF#2j 1 =ai°JS 8 gES BVHQ'. ¥ 
Sol-a, 5A| S^2| fF^OII QilO|E17F S^EI^ 1 712101 I EaiSH^Al AI^EIJl, M^2| EL SAI 
CHlAi ^ ae ^ITF^7F 60 HzOICF. 1 ^CHI 60 ^ai^OI ^^^Q. EtJ", 1 ^31^1 Q^>2J ^^og 
47FS M^^S^ 2CHAI= ^clISOl sE^Ai Ajg^Q. I §Er CHEcil^: 7l2t(Ta)2F A1^Ei|o]7IZ.F 

(Ts)^ Knao-. cHEEfl^.7iz»oig- i ^e 712? eon moiEiM tF^oii s^sf^qii »a» mm 

AlZts 7F£I?I^ 210IH, A1^Eil°J 7IZI£^A1E Algg)OI^ EL 4:AF7F i^i oFTil E|^ 71 

7FEI?I^ ^OiQF. 01 71011X1^ XII 1 sE7F FISAi, X11 2 aE LHAI X1I8 1E7F F2 LH Al F8SA1 AIU 
.aP-.-CHEa^ 7l2"(Ta)S FI^^EI F80U 0|S7|BWaSSH^. H firaOil, Fl LHAI F82J A1^E112] 71^*. 
(Ts)£ ^ Tsl LH A| Ts8^ §D. □ §° A1^Eil2i 7IZ^(Ts)^ Tsl : Ts2 : Ts3 : Ts4 : Ts5 : TsS' : 
Ts7 :. Ts8 = I : 1/2 : 1/4 : 1/8 : 1/16 : 1/32 : 1/64 : 1/12801 2UE]E^ flSSQ. 3E1LF, Fl LH 
Al F82J ^2| ^A1^ S2J5 1 4= 2iQ. A1^E1I2I ZEtM,^^ 256 AFOiOfi a^F^ 

JEAI7F ^t«i 4^ SiClF. 256 7H50I2I2J CFE 711 5 2LAIE «AI ^ 2iQ. ntilM 5AI7F 4»t« 

EJ^ g^Oll E 6011 LIEFLHSiCF. ^, ^H_F2| a^2J-7fl^^ tF^7F ^^2] !'E0U1 sOFLF 9.%% 
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^2.^m Mmm 4 SID. 

[^AI^EH 3] 

B £AI^EHOi!Ai^ *msj 'ft&W 37H2J BJEffl O^EIS zt± 7££ S °-^EIM DH'MS|i« WIT 

s*i(Hi b sraoi goon sw £ 7M S5 shm «swis to. £ ?oiiAfe_ ^f ;iooroi ^| 

I TFT(1002)2J ^ HH4!#, ^2 -1003*01 TFT(I002)2J TilOlM HH*i, 1004 71- SSHOI 

TFTM , 1005 ^ ?IBAIE1(aeFll 4^E 2i§)S, ^ M006'0l SS ' |00?;OI 

±7\ TFTM, « 1008 01 £3>i 7110IE 3EIH ^2 '1009^1- 3 EL £AH XIAloi-IL 

21D. 4r?i TFT(1007)2J E3I°!^ 3^X11 Di TFT(1QW)2J TBOIMOO 2^2IH, S^ICH TFT( 1004)21 Til 01 

§g^&P2g si ~— — - - — — o, 

XI5h ±71 TFT( 1007)1 

01 HHSSiSI-D. it 1- 

mo S as «g£'SBt»0. ^, 2H2|;»ib m 2§J 35fi(V)(1006jM CHoH 

SSSD. 31 B3'fl'(Y)2| 4?f- 3\±g 4: HH^OU, £H*7I- 1-711 i 4 2i 

Q. ^2!sfS, B ^AI^EH^ ^AI^EH 1 E= ^ AIS EH 29} ZEttHOI gAii 4 2JD. 

t«Ai*EH 4] 

S gAISEHWAfe oHJ2J £1*011 47H21 HKEfl £7CT 0^3= °-^EIM QHMei^«:»S 

"saws ssoi sj^s oiiaii aw e si iHuia asaa. £ 8a ojAife uoroi HI -L.±flg 

TFT(I102)2J ^ HEIH -« -1103*01 H 1 TFT(1 102)01 31 a" 2 TFT 

| 4MT ilABlil 2?D .%a 'l104 T 5r ±*|§ TFT(1102)2j 71IOIM01I g^S (i + 1)30 7I0IS HH£#, 
□£1H ¥2 '1105'^ TFT(1103)2J TilDIMOil "S^S i Bffl 71101^ HH£#, ^ XIA^l-H -2iD. 

^2 -lours el "ars- ±xw m 3 2^011 : ssa: ssae m 3 .sra s^vm jiaisfh sjek ^ 

2 1106's ^ 
WTfflCH TFT(1I08)2J 

3 EaiWf 3™ ! f BL^w(TiTo^w ; a>acr.' ii 'i"?f'^"fFf(ido6)2i'EaS!^ eShich tftoio 

8)2J 71IOIM011 S^HO) 2^X11 Di TFT(1108)2| TiJOlM SSOI ^H^I^S 4^ 2i>i! SQ-. ^ 

TFT(1106)^ niHy TFTS •» 4=E .2iJ2 pStf- TFTS 1 4E SiCK ^AI^EH 3QflAi -flSS 5^ 

^S-OIS^ TFT7F m 1 i«STFT(1 102)21- Xil 2 TR(1103)S MWEIH/ 1 

TFT(1102)^J TIIOIM^I- O-g °JS Eh°J2i 7110IM HH^3. ^ (i + DSM 7101 M .HHfl Oil S^EO , ^^i 
TFT(1 106)21- 7flO|e?|. a)*h ojg ■ E|-2!-2| ■ 71101 M UH^ , ^ (i - 1)3«l 71101 M.UH<5 Oil S^^EF^Lil ^Ch 
E 8a2| 3^011= (i - D^^H TilOlM UHd, i HIB WIM HH^l, 3! (i 71! 

•oim uh^chi a«sa.fe tiioim a'sa .-aia«i:5-5«fss^ el t^f oj^jqiiAi e 8bg 

CilOIEI &!si?|- f 1-4:011 ^1*^1 0H2J .711OIM <Mh:2J EhOiS 7*M0|2, E 8ci^ -Q0OIE1 £±5l7\- 5l-4:S^Ei 
^1 ilU^J 71IOIM 4!S2| EBia »MOID. B mS^J B ^AI^EHOII Djsg, 4:71 tiioi e-maoi ^ 
1 4 2i^l UHSOL m-±2J °2 ^S^OI 4= 2iH, ^^1 TIIOjM HH^Il ^§o^1 ^It^Stl 

■:^yy ^ aS^SW : H5 ^#01 7H^£I^ 3Eit^ 22^f 7ICH1 4= SIO. *a»e, S 

B. .^AI^EH^ SAISEH 1 E^ ^AI^EH 22K SttElpl -tfAIV 4= HQ. 

t^AISEH 5] 

B ^Aj^EHOIIAI- 5I-U2J t|-^0il S2I2J .^2J TFT7h □J^^! 3 ^ EL °-«Ej«^ 
ilOIQ. ^AI^EH 3^ 37H2] TFT7I- D|-^£l^ Oil M ' L1EFLH H ^AI^EH 4^ 47H2J TFPF O^EI^ Oil 

M UERHII SEJ- Ci TFT^I- OfStl^ 5^ ^A| iflgl 4 2iCK ^2olS, B ITS 

2J B ^AI^EHi^ ^Al^EH 1 E~ ^AI^EH 221- ^Elffl ^All 4 -SIQ. 

AI«EH" .6] • 




x|2J HHS E^ S3 iSH^AI Ahg£i^ ^ E^ ^Ul^ »g£5A| SHSV ^ SID. ^2! 
*I3, B ,BS2|'B ^AI^EH^ ^AI^EH 1 LH A| ^Al^EH 521 ^2j2J ^9.[ SftiSOl ^AIl 4= SID. 

f^AIOfl 1]. 

l^oj 2 ^ EL ^AHHi CHtl" 3 EL ^Xf2J °4=£^ S^HS ^B ?IE7| 201£!Efe 

2ioi q, o\7m\M= mm el ±xm^ ^ ai^ mi mi otiAitci-. 3 el ±x\2\ n\m\ sioiAi 

^g^^g ff±*!^(S^)]lF ^A| Xil 3 s 2^ ^JDU ^El ^l^AJOHd 

(CuPc), «^0h°] 4,4\4;-Ea^(N-3-MgiBiy-N-jaiy"-OH]|i:) ME1 Sfly OI-21 (mTDATA)/ 4,4 -01 

^[N-u^i-N-iy-omib:] dmiy(a-HPO), mi*} <g=nm mw\tfm ^mtn n & 

EKHI M 2 3^(16)^ ACLi #M ^^eiOi 3 ^2 EL ^Al- X1|5ft'D.(E 3a ^ ^71^ 

^M21 =J)U^ 40 ran, g£4=£# 20 ran, 60 ran, 3EIH S^St 20 nm 

OID. 31L2S3 2^(11, 16, 20) S= E^ H2J 7WE^ ^1^21- 31£IOi SI 

D. E 9a21- 9b^ 3 ^ °7I 27tl^ iAWlAI Xfl 3 2^(20)2J 3?|0fl CH^, 4^I-2J ^^|Ee|- V c - 
21^1 LiES-y HEHEOIQ. °?A1 E 3aOH iAIt^ 391 3 3^(20)1 il^SSIOIIAI EW Al^j ^, 
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M I 3 SI 2 3^(11, 16)011 22J" V c .l 2J7FSH31 ^XKHIAJ ^im^ ?IE^ A1I7IM Him WI^AI £ 9aLF 
EH-HSO. B E 9a0il LFEFy 221- SOI m^?l 2 <=>7I 370*9 ±W2| ^§2F S8WCk 

V c - = 6V (V co >., ) SWIM S1WI AI^ICH V C .7F ^7F*H)1I CCFEF ?IE7F g*F g7FSF= «2"3je! 2 ^2 
■S7| ITS' EF0I2E mgm UEftSD. EE 9a01i EAIS HF V«. = 9V 5SWAI IOOO(arb. unit) §E£j eflf 
SOIHS IOOO(arb. unit) OILH^ flEl 3EAloF7l flSAAIS 6V Ol^ 9V 0|'S*2| Vo.g 2S*HM0|: 
ohJl. 01 3^ V,, 51 g?l£ °f 3V SEOIP-. 01011 CH5FOI E 3a0ii £AI*J ±AF^J SI 3 (20)011 3 

sr v C4 # °]7f*j- ^ xii i, 2 i6)Awi2j as v 0 .m 2£fai7isai ^aioui srsshs fiE2i aipi 

1 ^SSJ- SHUr £ SbtHl UEFLH2JO. E 9b(HI EAItt HF2F SOI B 4AFSI 3§s V«7F S^IT^ £ 
AF7F ^imF7l Al^fe V c > aaoi V.^ ?t , (6 V) OISFS tSEBKHI &±Zta Ve-MAIE ^H" ?IE 

7F 2 ^2 EL CFQI.2E ±XW g^SEF CWoPI £7Fofe 2# § * 2JEF. 01= £ 9a0il LFEFdi 71 £ 
3 2 ^2 EL EFOI2E ^AKNIAl^ 2i 4= 2J= ^SMOICF. E 9bCHI EAIE! HF, ti OUSAf. 

V« = OV 21 3^., V C : = 4V E^OJAI ^STOI A|5KICH V C -7F §7feH)fl CEJEF ?IE7F S*F g7^F= 
LFEfyiCF. 01 3° % - 9V 3»MAI 2500(arb. unit) 3E3 ?|E1 SOIES 2500(arb. unit) 01 
LH^i ¥IE= Vc-M 4 VOil A1 9 V AFOIS ilSFOj 2# 4= 0| 3^ V C -2F 51 g?|£ °f 5V §£5 

aOi^EF. 01 Vc- 51 ««= 2 ^.S. EL EHDI2E 4AF 3^fiQ Ei fefS goi.© s 01=5^0 a# ESI 
E*J- §7F*F2EF. . 01 = E 3a2J 3 ^2 S7IIT1!- 4AF7F ?IE°J 51 E= 3I5SAI01I SStfS 
■«StK3-. CEFEFA1 a §2F#^Ei 3 • ^« IT1J\±A|-7F ^3 CHS Sg^iCF. 

^I^j" £A| (MlOfl 2J^F9, °^EI« OHM^i^S S^S-xl (HI Al = 3 ^ EL 5AFM AFM^^Mi TFT^i 
3^01 WOFAIE^ ^ ^ ^EF. -feTS 2^25 .^SEI= TFT= *T ^HEICH 22FS .e!th.B»« 3 

A1|^ ^ ^711 SEF. CCFEFA1, B «^QiiXl LfEFy HISF SOL TFTHJ ^§ 3 EL 4:AFW XF^tT 

^OFi ^ 2iH, HOil CCFEF ^HiaqOI ^# ^°H;OH-IEF ^ 5A| S^IM ^ ?W\ £IDt, 
fl^ Bfl SI »I5 d|;Sl ZMiAiaiS 3101 : 7FsoF?fl £}EF. 

B-^l ^'AltJ-SS^ ^H ^HISqOI oh E|M oh esi ^ B"»S»7h gOil 4= ?XK E^ H 
01^ S i^t-.HF^tj- ^§ 4' A| Oil Ml" ^5tF0| gS*SXIS", a ^S2J §AjHF LH0ilA1= ■ 

s *sor oi«oia 4?'2!h1 oi*i*iop.ir.3soia. 
m^°* 1 

>^°J 5F57F 7I5SF; 

^ h tf^DFCK ;» )H 0I4 v °J ^AF2F; 
.^71 BfE»-AX»" S oFLFQil 271 S^FH, 
■■^71 ^.sF^OFCF ^Baj£S _?.S£I= a*1 S^SF; 
^71 a I 3^011 EHtfSIOJ «asas SI 2 S^IF; 

^71. ^1 1 a^lF »7| M 2 2^ AFOI 21 ¥011 2^ ^^E! 73! 3 2^HF; 
^71 a^p AFOI Oil £1x1*1- ^71 EL ?«£l= 3 EL ^AI£F; 

^71 &Ej|| dbAFS -^-71 3 -^a EL ±*m BM Hl= XliOieFOj ^ ^1^F= Al^gl^ 01^ 

01a m^s-g. t\~ a9 saj. 
1 ti-oii aoiAi, -&y\ &s.m «^m?hai ^ei (tft)°i m®°^ bf= °^ei^ u» "sa. 

XII liKW-SCHAI. ^71 715^ ^S*H 7IEL 4'EI=(si I icon) E- SI 0FA1ILF0|E(gal I ium arsenide)2F 

4 

Aii 1 .t*oii sioiAi, .^-71 a 1 a^# .Esa.niss ^ai?ih, ^7i °7i el ±xm *m*m & 
71 i;a^«ss*a "«»ai?is am ^s^s.ai^ ^.^eim^ »» s«. 

a i tHfll ^OiA1, SI 2 3^1 ¥g£|- ESS"' ?BSS ^A|7IH, ^71 S7I EL iAF2| g. 
71 » 2 a^^S^EI ^MA|7|^ m^S^. 5fe °-H£|^ ^ §x|. 

a I t>HHI SiOIAi. ^71 °7| EL SI I, 2 2^ g XII 3 2^ AKDIOH 1 £V E^ 3 0171 73^ 
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s&mm s?s sums, oi^chs &mw st^fe §§2^ an- s». 



XII 6 ^Oil SiCHAf, £91 i Atom §s ?a#nf 2x1- »bsoi 



fli 6 ttfil 2MHAI, 291 2 Q^lf £P| °?| Vltft AHDIOtl Stt g» 4^ #, S£ »BSOI 



M 1 *J LHXI El 8 * *■ g Oih: -*J *»■ CM£2J tffl 2iCHA1, £PI 3 1,2 1 3 ^ 

W^DIS(AI), tt£(Ca). 0QL1l£(Mg), EIM(Li), S(Ag) K-.UW(Ba) § 2^ SHJ- £zr 1WW 
71 Lb. °1§-S-^AH3IE(IT0)2|- °ie-SB-^AHD|E(IZO) e!S ^ £BM § 2 E -^ oUS 



Q^°J 3 ^2 371 ITU- ±Xb #71 fflf 4rXF0il 271 S^S ^MSj73±Ei; CK4=2J ±£ d2 

ai; 71I0IM di^: CH*2|.^ £|2£!0il dsi S^oh7| ±± . a*2j 

TilOlM 612^011 dsi B.5«PI 71101 M £!2:£t SB" Q*2I 2£! Sidli ^HlffUl, 

371 2^ a= 2m 53 £s m= °ae\^ ys- jeaiswi. 



si i e= a., io voo. ins as-sais .Aisth 37I7R,. iai.s«i, asms, cwh/^hmek 

BSH/ S^Ei, 0I§ S-SEJ, *».OHM»'^Ufe' ^CH fif 7HT9XL- ±3*!; MAIS §HE 

ne^ sais«i, saisai, 'hi as: ?hhisk ^^iei saisxl; g-s? #2 s*l sspi-..eais«; 

■OIS Sib 2CI2 S*L 71IS7I, ^2 SCH "SM-EHRL 3^ '4*.: 3S «T. .CO ICS* "Sfl 

^, a saw -se& iS^Eis oi^ora^.-a^s^a .a-ois -saer s« 192s m= ang- 
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